In this study, the process of stabilization for highly basic self-slaking slags of ferroalloy production by various boron-containing materials were studied: tincalconite, colemanite, and ulexite (produced in Turkey). The viscosities and temperatures of crystallization for the initial boron-containing materials are determined. Under laboratory conditions, high-base slag melts were treated with boron-containing materials to obtain slags containing 0.25 and 0.5% B 2 О 3 . It was shown that the addition of boric anhydride to the studied slag melts extends the homogeneous-liquid state interval and reduces their viscosity by 1.2-1.6 times, therefore B 2 О 3 can be used as a tool for controlling slag mobility in industrial conditions. The industrial tests were conducted to stabilize the slag of low-carbon ferrochrome using powdered calcined, briquetted, and fused colemanite. After treatment, slags contained 43-47% CaO, 0.18-0.45% B 2 О 3 . The results of pilot-industrial experiments show that all applied boron-containing materials ensure slag stabilization and differ only in the degree of boron recovery. Fused colemanite showed the highest results in the recovery of B 2 О 3 (up to 98%), a commercial product was obtained which fully complies according to the technical characteristics with the requirements of Specification TU 0798-69-00186499-2014 "Crushed stone and sand from ferroalloy slags. Technical conditions."
Introduction
The production process for refined grades of ferromanganese and ferrochrome can be carried out both in an electric furnace and outside of it by the method of mixing in special ladles. Both methods are implemented at industrial enterprises of different countries, have both their advantages and disadvantages, and the choice of each of them is determined by the quality of the used ore materials, lime, reductant, the availability of appropriate capacities and the required quality of the final product. It is also known that both methods have one common disadvantage, the solution of which will allow increasing the efficiency of the smelting process for low-and medium-carbon NIOKR-2018 ferromanganese and ferrochrome. This is the process of self-slaking of highly basic slags (with basicity (CaO/SiO 2 ) more than 1.4) into a fine powder. At the same time, only a small part of such slag is used in industry or agriculture, and the main part (millions of tons) is accumulated in dumps, representing a serious environmental hazard. Both Russian [1] [2] [3] [4] and foreign [5] [6] [7] specialists are engaged in the problem of stabilizing self-slaking slags in the ferrous metallurgy. In recent years, the volume of generated slags has significantly increased due to the forced transition to the use of poor types of mineral raw materials [8] [9] [10] . The issues of studying the processes of slaking of such slags, identifying the causes and eliminating their self-dispersion are very relevant in modern conditions. Typically, the slags of refined ferrochrome (SRFC) contain, %: %: CaO 47-52; SiO 2 24-31; МgO 10-12; Al 2 O 3 5-6; Cr 2 O 3 4-5; FeO ∼ 1. The slag phase composition is 2CaO·SiO 2 (62-
3 Cr 2 O 3 ·МgO·2SiO 2 (up to 13%) [11] . The majority of slaking slag consists of γ - The authors of [12] [13] [14] [15] [16] studied the complex of physicochemical properties for boron -containing oxide systems. The features of the technology for using various boroncontaining raw materials for the stabilization of disintegrating slags are noted. Using phase diagrams and their mathematical models, it was shown that the introduction of boric anhydride (B 2 O 3 ) influences the thermodynamics of metal production processes due to the formation of favorable for the technology minerals in the processed charge and the resulting slags. The influence of B 2 O 3 on the viscosity and crystallization temperature of metallurgical slags, stabilization from slaking, which follows from the analysis of the diagrams constructed by the authors, turned out to be noticeable.
The viscosity and crystallization interval of the slag affect the extraction of chromium (precipitation of metal beads), the time that the slag spends in the liquid state and the contacting of the melt with stabilizer materials that affect the efficiency of the slag slaking effect elimination. In this regard, the viscosity of the SRFC with additives of 0.25 and 0.5% B 2 O 3 and without additives was studied (Table 1) . DOI 10 .18502/kms.v5i1.3979
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KnE Materials Science NIOKR-2018 Experiments to determine the viscosity and temperature of slag crystallization were carried out on an electro vibration viscometer [17] in a Tamman furnace in molybdenum crucibles. The crystallization temperature of slags (t ) was determined from the fracture of the line on the graph Ln -1 "
, (viscosity -inverse temperature). From the obtained results, it follows that slags, specific for the production conditions, with 1.7-2.1 basicity are refractory, falling slags, solidifying in a narrow temperature range.
When melted, these slags have a low viscosity. Thus, the presence of 0.25 -0.50% B 2 О 3 in slags makes them fluid and stable over a wide range of temperatures, which should have a positive effect on the melting and on the loss of metal with slags. NIOKR-2018 Due to the fact that the type of boron-containing materials is of great importance during stabilization, studies have been conducted to learn the properties and selection of stabilizer materials. The boron-containing materials of "Etiproducts" (Turkey) were investigated.
The results of chemical analysis and the temperature of crystallization start (t . ) for boron-containing materials are presented in table 2. Studies assessing the behavior of boron-containing materials in the process from heating to melting have shown that colemanite in the process of heating up to the melting temperature passes through the stage of disintegration into a fine powder with an almost twofold increase in volume. This process is accompanied by the cracking of lumpy ore and, as a consequence, the release of both dust and lumpy ore from the smelting unit. The process of tincalconite melting is accompanied by a strong bloating of the resulting viscous slag-foam mass. The intensity of this process is directly proportional to the heating rate of the material. Unlike tincalconite, the melting of ulexite proceeds calmly without emissions and changes in the particle size distribution.
A study of the viscosity for boron-containing raw materials in the temperature range of 700-1200 ∘ C showed that their viscosity does not exceed 0.1-0.2 Pa.s. The low viscosity and temperature of crystallization for the studied boron-containing materials makes them suitable for use as fluxing and slag-forming additives for smelting and ladle processing of ferrous and non-ferrous metals. However, for most processes of smelting ferrous metals and ferroalloys, the presence of alkali metal oxides is undesirable because of their negative impact on the lining durability and increased emissions, therefore the prospects for using sodium-containing tincalconite and ulexite are visible only in the non-ferrous metallurgy.
In this regard, further studies were carried out with burnt colemanite, which has a high content of B 2 О 3 (≥ 40.0%), it lacks crystallization water and it can be prepared to the desired fractional composition.
Considering the loss of a significant amount of fine colemanite (0.1-1.0 mm) during transportation, reloading, and putting into the ladle before pouring liquid slag, the material requires briquetting or remelting. NIOKR-2018 Laboratory and industrial briquetting of burnt colemanite was carried out without binder components and moistening. Tests of briquettes showed their satisfactory strength. The destruction of the samples occurred at a load of 35 kg / briquette, and at 3 times fall from a height of 1.5 m the briquettes were only partially cracked.
To study the effectiveness of various amounts of B 2 О 3 (from colemanite) on the stabilization of the SRFC, laboratory experiments were carried out in the Tamman furnace.
After melting, in slag was not introduced or introduced 0. The highest results in the recovery of B 2 О 3 (up to 98%) were shown by fused colemanite. When using powdered colemanite, considerable dusting is noted when loading into the ladle and processing slag, associated with the removal of the dust-like fraction of material from the bowl with hot air streams. This is confirmed by the low recovery of According to the results of this work, calcined briquetted or fused colemanite is recommended for further use to stabilize slags.
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